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NASA TT F-11,790 

FINGER TIP S K I N  TEMPERATURE I N  THE MALE AND FEMALE DURING 
IMMERSION IN COLD WATER 

M Tachi  (Member) and H. lwata (Non-member) 
(Department of Pub l i c  Hea l th ,  School of Medicine, G i f u  Univ.)  

ABSTRACT: A comparat ive study o f  h e a l t h y  male and female 
d i g i t a l  s k i n  temperatures dur ing  immersion i n  c o l d  water  
was made as a means o f  i s o l a t i n g  the causes f o r  a 5 :  1 
h i g h e r  inc idence of  Raynaud's disease i n  females than i n  
males. F inger  t i p  s k i n  temperature measurements o f  t h e  
two s u b j e c t  groups were recorded d u r i n g  f i f t e e n  minute 
p e r i o d s  o f  immersion i n  water  h e l d  a t  temperatures l e v e l s  
between 5 ° C  and 30"C, and the f o l l o w i n g  da ta  was ob ta ined:  
1 )  Sk in  temperature a t  each water temperature l e v e l ;  
2)  D i f f e r e n c e s  between s k i n  and water  temperatures;  3 )  
Rat i os o f  s k i  n temperat ure/water temperature d i  f f e r e n t  i a 1 s 
t o  body temperature/s k i n temperature d i f f e r e n  t i a 1 s . 

I t  was found t h a t  female s k i n  temperatures were lower  
than those o f  the  male when water temperature was 10°C and above. 
T h i s  a l s o  was t r u e  o f  t h e  water temperature -- s k i n  temp- 
e r a t u r e  d i f f e r e n t i a l s ,  the  l a t t e r  b e i n g  minimal i n  the  
male a t  1 5 ° C  and i n  the female a t  20°C. The h i g h e s t  r a t i o s  
o f  t h e  s k i d w a t e r  temperature d i f f e r e n t i a l s  t o  the  body/ 
s k i n  temperature d i f f e r e n t i a l s  appeared i n  bo th  s u b j e c t  
groups a t  20°C, the  males i n d i c a t i n g  p r o g r e s s i v e l y  h i g h e r  
r a t i o s  beg inn ing  a t  a minimum va lue  o f  5 ° C  and the  females 
i n d i c a t i n g  a drop f rom the i n i t i a l  5 ° C  values t o  a minimum 
a t  1 5 ° C .  

The w r i t e r s  i n f e r  (a! a h igher  r e a c t i v i t y  to  ambient 
temperatures i n  the female p e r i p h e r a l  c i  r c u l a t o r y  system, 
(b) r e a c t i o n  a t  h i g h e r  ambient temperature l e v e l s ,  and (c)  
lower p e r i p h e r a l  b lood f low a t  l o w  temperatures than i n  the 
male, a l l  o f  these r e a c t i o n s  are accompanied by less  heat  
loss i n  the  female s u b j e c t .  The w r i t e r s  suggest t h a t  the  
s t i m u l u s  o f  c o l d  water  a c t s  t o  reduce the volume o f  b l o o d  
f l o w  d i s t a l  to  the ar ter iovenous anastomosis, b u t  a r e  unable 
t o  a t t r i b u t e  t h i s  e f f e c t  t o  any s p e c i f i c  cause. 

I n t roduct  i on 

Raynaud's d i s e a s e  i s  one o f  t he  seve ra l  d i seases  i n  which p e r i p h e r a l  

Acute pa in  
vascu la r  c o n s t r i c t i o n  i s  ev iden t .  The d isease ,  reputed ly ,  most o f t e n  involves  
vascu la r  c o n s t r i c t i o n  i n  t h e  per iphery  o f  t h e  upper l imbs. 
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accompanies t h e  spasmodic c o n s t r i c t i o n s ,  which last  f o r  s e v e r a l  minutes t o  
seve ra l  hours ,  bu t  gangrene occurs  when they  cont inue f o r  an ove r ly  long 
pe r iod  o f  time. Raynaud be l i eves  t h a t  the  b a s i c  causes of  t h i s  d i s e a s e  can 
be  t r a c e d  t o  abnormal s e n s i t i v i t y  t o  the vasocons t r i c t ive  mechanism, whi le  
L e w i s  ho lds  t h a t  t h e  determinants  a r e  to be sought w i th in  t h e  blood v e s s e l s  
themselves,  r a t h e r  than i n  t h e  nervous system. A s  it has been confirmed t h a t  
t h e s e  symptoms can be a t t enua ted  by severing t h e  sympathet ic  nerves ,  t h e  p a r t  
played by the  nervous system cannot be denied. 

The appearance o f  Raynaud's d i sease  i n  f i v e  women f o r  every a f f e c t e d  
male, has l e d  t o  t h e  b e l i e f  t h a t  t h e  endocrine system p lays  a p a r t  i n  t h e  
onse t  o f  t h i s  d i s e a s e .  I t  has  a l s o  been theo r i zed ,  on t h e  o t h e r  hand, t h a t  
t h e r e  i s  no g r e a t  c o r r e l a t i o n  between t h e  symptoms and menstruat ion.  

Symptoms similar t o  those o f  Raynaud's d i sease  have been recorded i n  
r ecen t  yea r s  among opera tors  of  v i b r a t i n g  equipment. These symptoms have 
been desc r ibed  as dead-f inger ,  white-f inger ,  Raynaud's phenomenon, or 
Raynaud's syndrome. In  Japan,  i t  is ca l l ed  "white d i sease . ' '  J u s t  as i t  i s  
t r u e  wi th  r e spec t  t o  Raynaud's d i sease ,  however, l i t t l e  i s  known about t h e  
onse t ,  t h e  d i agnos i s ,  o r  t h e  t reatment  o f  t h e  d i sease .  

The writers have previous ly  reported on s k i n  temperature  measurements 
as a means o f  diagnosing Raynaud's phenomenon i n  v i b r a t i n g  machine ( p a r t i c -  
u l a r l y  s t o n e  f i n i s h i n g  machine) opera tors  [l, 2 1 .  This method involves ,  
p a r t i c u l a r l y ,  s k i n  temperature  measurements during immersion i n  co ld  water  
f o r  f i x e d  per iods  of  time. 
when t h e r e  i s  an extreme drop i n  s k i n  temperature.  

We i n f e r  t h a t  Raynaud's phenomenon is  extens ive  

S ince  Raynaud's d i sease  appears most o f t e n  i n  females,  a s tudy  was made 
o f  t h e  d i f f e r e n c e s  i n  male and female skin temperature dur ing  immersion o f  
t h e  s u b j e c t ' s  f i n g e r s  i n  co ld  water. The tests were made on hea l thy  male and 
female s u b j e c t s  and t h e  r e s u l t s  are repor ted  belowi 

Test Methods 

Skin temperature  measurements a t  the t i p  of  t h e  t h i r d  f i n g e r  were made 
subsequent t o  t h e  immersion i n  cold water o f  a l l  o f  t h e  f i n g e r s  of  t h e  l e f t  
hand up t o  t h e  base  of t h e  f i n g e r s .  
Type-V, was used. 
wi th  adhesive p l a s t e r  (paper t a p e ) .  
minute subsequent t o  immersion i n  cold water. 
15 ,  20, 25 and 30°C were used, with t h e  per iod  of immersion being 15 minutes 
a t  each temperature  l e v e l .  

A J i n t a n  "Thermo" model "Thermofiner" 
The senso r  was at tached t o  t h e  t i p  o f  t h e  t h i r d  f i n g e r  

The thermometer s c a l e  was read  every 
Water temperatures  o f  5 ,  10, /194 

A s  Figure 1 shows, t h e  temperature readings f o r  t h e  f irst  f i v e  minutes 
showed cons iderable  ind iv idua l  v a r i a t i o n  with a sudden i n i t i a l  drop and 
i r r e g u l a r i t y  i n  some cases, although a l l  o f  t he  ind iv idua l  s k i n  temperatures 
l eve led  o f f  a t  t h e  average value during t h e  last  t e n  minutes o f  each tes t .  
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C .- The s u b j e c t s  were 10 hea l thy  males 
and s i x  hea l thy  females.)  The average 

Figure 1 .  I n  T h e  S u b j e c t s  I n  W h i c h  
Variat ion i n  S k i n  Temperature Was 
Observed, T h e  Temperature Dropped 
I n i t i a l l y  During Immersion i n  Cold 
Water a t  5°C. The  Average S k i n  
Temperature Recorded During T h e  
Last  T e n  M i n u t e s  of Each Test, 
However, Was About T h e  Same A s  
That Noted f o r  the Subjects  I n  Which 
No I n i t i a l  Temperature Drop Was 
Experienced. 
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F i g u r e  2 .  Average S k i n  Temperature 
A t  Given Water Temperature Ranges. 

and s k i n  temperature  ( T s ) .  (2j  The T s  
and Tw d i f f e r e n t i a l  (Ts - Tw), and (3) 
The r a t i o  of  t h e  d i f f e r e n c e  between T s  
and Tw t o  t h e  d i f f e r e n c e  between body 
temperature Tb and T s .  (Ts - Tw) / 
(Tb - Ts).  

Room temperature was maintained 

dur ing  August and September, 1965. 
a t  28 f. 1 ° C .  The tes ts  were made /195 

Test Results 

Figure 2 gives t h e  s k i n  temp- 
e r a t u r e  d i f f e rences  between males and 
females dur ing  f i n g e r  imersim ir, 
co ld  water a t  f i x e d  temperature 
l e v e l s  between 5 and 3OoC.  Both t h e  
male and female s u b j e c t s  maintained 
a h ighe r  s k i n  temperature than t h e  
water  temperature  at 5°C and t h e r e  
was very l i t t l e  discrepancy between 
t h e  two s u b j e c t  groups. Skin temp- 
e r a t u r e  was h ighe r  i n  t h e  males than  
i t  was i n  t h e  females a t  water temp- 
e r a t u r e s  o f  10°C o r  h ighe r .  
temperatures  of  10°C and h ighe r ,  t h e  
female s k i n  temperatures p a r a l l e l e d  
t h e  l i n e  Y = X i n  t h e  graph and 
approximated t h e  water temperatures .  

A t  water 

Figure 3 gives t h e  Ts-Tw d i f f e r e n t i a l  for each water  temperature  load .  
The va lue  was high f o r  both males and females dur ing  immersion i n  5°C water. 
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Figure 3 .  Difference Between S k i n  
Temperature and Water Temperature A t  
Various Water Temperature Levels.  
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The d i f f e r e n t i a l  dropped t o  a 
minimum p o i n t  i n  the  case o f  t h e  
males at 15"C, where a v a l l e y  i s  
shown, whi le  t h e  l i n e  f o r  t h e  female 
s u b j e c t s  shows a similar v a l l e y  at 
20°C. The temperature  d i f f e r e n t i a l  
v i r t u a l l y  disappeared dur ing  immer- 
s i o n  i n  water a t  3 O o C ,  where a 
va lue  o f  ? 1 ° C  i s  shown f o r  both t h e  
male and female s u b j e c t s .  

Figure 4 shows t h e  r a t i o  o f  t he  
d i f f e r e n t i a l s  (Ts - Tw) / (To - Ts) .  
The r a t i o  was 0 .2  i n  the  male sub- 
jects a t  water temperatures  of  5 ,  
10 and 15'C, t hus  i n d i c a t i n g  no 
d i f f e r e n c e  which could be a t t r i b u t e d  
t o  water  temperature .  The r a t i o  
s h i f t e d  t o  0 .4  dur ing  immersion i n  
water  a t  a temperature  o f  2 0 " ~ ,  
whi le  t he  h i g h e s t  va lue  appeared i n  
wa te r  at  a temperature  level  of 25°C. 
I n  t h e  case o f  t h e  female s u b j e c t s ,  
t h e  r a t i o  dropped p rogres s ive ly  with 
immersion a t  5 ,  10 and 15"C, wi th  
t h e  minimum value  appearing a t  15'C. 
The r a t i o  was 0.17 i n  20'C water  and 
reached t h e  maximum value  o f  0.25 i n  
25'C water. Over-all,  t h e  r a t i o ,  
(Ts - Tw) / (Tb - Ts) showed h ighe r  
va lues  i n  the  male s u b j e c t s  than i n  
t h e  female subj  ect,s. 

/196 - D i s cus s i on 

The comparison between hea l thy  
males and females d e t a i l e d  above was 
made i n  an attempt t o  a s c e r t a i n  t h e  
reasons f o r  t h e  more f requent  
appearance o f  Raynaud's d i sease  i n  

0 t V C  Water '0 Temperature 20 
)I 

F i g u r e  4 .  Ratio Of The  S k i n  Temp- females. 
e r a t u r e  -- Water Temperature 
D i f f e r e n t i a l s  To T h e  Body Temperature The d a t a  obta ined  made i t  
-- S k i n  Temperature D i f f e r e n t i a l s  A t  
Various Temperature Levels.  ferences i n  male and female s k i n  

apparent  t h a t  t h e r e  are major d i f -  

temperatures during immersion i n  co ld  
water and t h a t  female s k i n  tempera- 

t u r e  approximates t h e  water  temperature more c l o s e l y  than does t h a t  o f  t h e  
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male. S p e c i f i c a l l y ,  i t  i s  be l ieved  these r e s u l t s  demonstrate t h a t  t h e  
p e r i p h e r a l  blood vesse l s  of t h e  female r e a c t  more r e a d i l y  t o  immersion i n  
co ld  water than  do those  of t h e  male. The T s  - Tw d i f f e r e n t i a l s  are shown 
i n  Figure 3 and s t u d i e s  are now i n  progress  [3] t o  determine whether t h e s e  
d i f f e r e n t i a l s  are c l o s e l y  i n t e r r e l a t e d  t o  h e a t  l o s s .  The magnitude o f  t h e  
d i f f e r e n c e  r ep resen t s  t h e  magnitude of t h e  h e a t  l o s s .  
t h e  r e s u l t s  ob ta ined  a t  5 " C ,  i t  i s  bel ieved t h a t  t h e r e  i s  less h e a t  l o s s  i n  
t h e  female than t h e r e  i s  i n  t h e  male. The d i f f e r e n t i a l  was minimal i n  t h e  
female a t  20°C. 
male s u b j e c t s  b u t  a h igh  r e a c t i v i t y  t o  water  temperature  a t  only 5 ° C  h ighe r  
than t h a t  p o i n t  was evident  i n  t h e  female lead ing  t o  the  b e l i e f  t h a t  t h e r e  
i s  a more marked c o n t r a c t i b i l i t y  i n  the p e r i p h e r a l  blood v e s s e l s  o f  t h e  
female than  i n  t h e  male. I t  i s  a l s o  i n f e r r e d  t h a t  t h e  p e r i p h e r a l  blood 
v e s s e l s  o f  t h e  female r e a c t  at h ighe r  a i r  temperature  l e v e l s  than do those  
o f  t h e  male. 

With t h e  except ion o f  

In  c o n t r a s t  t o  t h i s ,  the  minimum appeared a t  15°C i n  t h e  

On t h e  o t h e r  hand, t h e  r a t i o  (Ts - Tw) / (Tb - Ts)  shown i n  Figure 4 is  
On t h e  b a s i s  of t h i s  t h e s i s ,  he ld  t o  be  p ropor t iona l  t o  t h e  blood flow. [3] 

t h e  blood flow i n  t h e  female i s  minimal a t  a water temperature  o f  15"C, 
reaching  t h e  maximum value  a t  25°C. 
g e n e r a l l y  t h e  same, bu t  i t  is  concluded t h a t  t h e  volume o f  flow i s  h ighe r  
a t  a l l  water  temperature l e v e l s  i n  t h e  male than it  i s  i n  t h e  female. 

I n  t h e  case of t he  male, t h e  t r end  i s  

Never the less ,  a reduct ion  i n  both h e a t  l o s s  and blood flow occurs  i n  
both t h e  male and t h e  female a t  water temperatures o f  30°C. 
t h a t  t h i s  drop may be a t t r i b u t e d  t o  the f a c t  t h a t  t h e  i n t r i n s i c  s k i n  temp- 
e r a t u r e  i s  30 --- 36"C, p r i o r  t o  immersion i n  co ld  water, thus  i n t e r f e r i n g  
wi th  r e a c t i o n s  t o  water temperature a t  t h e  30°C l e v e l .  

I t  i s  be l i eved  /197 

I t  i s  not  p r e c i s e l y  understood what p a r t  o f  t h e  pe r iphe ra l  c i r c u l a t o r y  
system is involved i n  s k i n  temperature readings ,  bu t  it i s  be l ieved  t h a t  
t h e s e  measurements apply t o  t h e  blood which flows through t h e  m e t a a r t e r i o l e s  
which are d i s t a l  t o  t h e  a r te r iovenous  anastomosis.  I t  i s  be l i eved  t h a t  i n  
t h e  female d i g i t ,  t h e  pe r iphe ra l  vascular  system works i n  a compensatory 
fash ion  i n  response t o  t h e  s t imulus of  t h e  co ld  water, reducing t h e  volume 
of  blood beyond t h e  a r te r iovenous  anastomosis,  t hus  lowering t h e  s k i n  
temperature .  

I t  i s  s t i l l  unc lea r  whether t h e  onset  o f  Raynaud's d i sease  begins  wi th  
damage t o  t h e  pe r iphe ra l  blood vesse l s  themselves,  i s  a t t r i b u t a b l e  t o  t h e  
a c t i o n  of  t h e  p e r i p h e r a l  nervous system o r  f i n d s  its o r i g i n  i n  t h e  endocrine 
system. I t  has  been made clear,  however, t h a t  t h e  s k i n  temperature drops 
f a r t h e r  i n  response t o  a cold water load i n  females who a r e  not  a f f e c t e d  by 
Raynaud's d i s e a s e  than i t  does i n  t h e  case o f  males, and t h a t  the  response 
of  t h e  female pe r iphe ra l  blood v e s s e l s  t o  co ld  water  i s  marked. 
of t h i s  p o i n t ,  i t  appears reasonable  t h a t  Raynaud's d i sease  is more l i k e l y  
t o  occur  i n  females than i n  males. 
Conclusions 

On t h e  b a s i s  

S ince  Raynaud's d i sease  appears f requent ly  i n  females, t h e  fo l lowing  



observa t ions  were made t o  compare s k i n  temperature  v a r i a t i o n s  i n  males and 
females during exposure t o  water a t  var ious temperature  l e v e l s  between 5 
and 3OoC. The fol lowing r e s u l t s  were obtained:  

1. There were no major d i f f e rences  between male and female s k i n  
However, female s k i n  temp- temperatures  during immersion i n  water a t  5OC. 

e r a t u r e s  were lower than  those  o f  t h e  male during immersion i n  water at  
temperatures  o f  10°C o r  above. 

2 .  A t  a l l  water  temperature  l e v e l s ,  t h e  d i f f e rences  between s k i n  
temperature  and water temperature  were lower i n  t h e  case o f  t h e  female than 
they  were i n  the  male. The minimum d i f f e r e n t i a l  was ev iden t  a t  15OC i n  t h e  
male, whi le  t h e  minimum appeared a t  20°C i n  t h e  female s u b j e c t .  

3 .  The r a t i o  between t h e  s k i n  temperature -- water temperature  d i f -  
f e r e n t i a l  and t h e  body temperature -- s k i n  temperature d i f f e r e n t i a l  was 
lower i n  the  females than  i t  was i n  the males.  
f o r  each temperature l e v e l ,  it was found t h a t  t he  h ighes t  r a t i o  appeared a t  
20°C [SIC] i n  both t h e  male and t h e  female s u b j e c t s .  I n  t h e  case o f  t h e  
female r a t i o s ,  t h e  graph shows a va l l ey  a t  15OC, while  no such v a l l e y  appears 
i n  t h e  males.  

On t h e  b a s i s  o f  t h e  averages 

The r a t i o  was lowest i n  t h e  male s u b j e c t s  a t  5°C. 
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